Introduction
There is a large literature linking a low, current intake of vitamin A to xerophthalmia in preschool-aged children (Blankhart, 1967; Pepping et al, 1989 Solon et al, 1978 Sommer & West, 1996; Tarwotjo et al, 1982) . The evidence to date is believed to re¯ect a pattern of chronically low vitamin A intakes. Yet, beyond a propensity to wean early Tarwotjo et al, 1982) little is known about complementary feeding patterns during early infancy of high-risk children prior to developing clinically evident vitamin A de®ciency (VAD). Secondly, given that younger siblings are at a greatly increased risk of developing xerophthalmia (Katz et al, 1993) and that risk factors tend to cluster within families (Sommer & West, 1996) , it is of interest to understand early dietary patterns of prexerophthalmic siblings in order to identify inadequacies of intake and develop more comprehensive dietary counseling strategies for high-risk families and their children.
The most accurate means of addressing these questions would include costly longitudinal studies spanning early infancy through school-age. Therefore, much of the literature linking infant feeding patterns and childhood nutritional status has been indirect (Dettwyler & Fishman, 1992) , drawing inferences through the examination of different aged children within the same household. Murphy et al (1995) observes that nutrient adequacy tends to be a household characteristic for toddlers and school children. From a study of 94 toddler-schoolchild pairs, siblings at high risk of nutrient inadequacy could be identi®ed with high levels of sensitivity and speci®city from an indicator child. A similar situation exists with vitamin A de®ciency, as siblings of cases are 7±13 times more likely to have, or develop, xerophthalmia once they enter the high-risk age group than children living in households without a xerophthalmic sibling (Katz et al, 1993) . In Nepal, dietary patterns of xerophthalmic children and their younger siblings were found to be comparable, both having low intakes of vitamin A rich foods (Shankar et al, 1996) , suggesting that the chronic dietary risk of VAD begins early in life and concentrates in high risk households. As Sommer & West (1996) observe,`For many children, a weaning diet de®cient in vitamin A predicts a vitamin A de®cient diet through the rest of early childhood, and possibly beyond. ' Although most studies examining dietary patterns of children with night blindness have found signi®cant differences in consumption of preformed vitamin A (Shankar et al, 1996; Tarwotjo et al, 1982) and provitamin A food sources (Pepping et al, 1989; Solon et al, 1978; Tarwotjo et al, 1982) , little evidence exists of the linkage between infant dietary intake of vitamin A food sources and later childhood xerophthalmia. An exception is a study by Mele et al (1991) , which looked at xerophthalmic Indonesian children from 0±5 y (96% b 2 years) and matched controls, which found signi®cantly reduced risk of xerophthalmia in children whose mothers reported feeding them vitamin Arich foods regularly during the ®rst year of weaning.
Timing of introduction of key foods may also be determinant of later childhood feeding and risk. Xerophthalmic children in Malawi were reported to have begun the weaning process, on average, one month earlier than non-xerophthalmic controls (3 vs 4 months of age) (West et al, 1986) . The infant feeding process can be divided into different stages, each associated with patterns of feeding and interaction between care giver and child. In Nepal, Gittelsohn (1991) found that for children less than a year, 72% of the infant-care giver feeding interactions involved breast-feeding. Zeitlin & Ahmed (1995) looked at infant feeding in rural Bangladesh over three infant age periods 5± 12, 13±18 and 19±23 months and found that`growth stasis' occurs primarily during the second period, associated with decreased breast-feeding time and less food intake.
Studies of infant feeding practices conducted within Nepal reveal a great deal of diversity in infant feeding practices by ethnic and caste group (Gittelsohn, 1989; Graves, 1984; Krantz, 1979; Levine, 1987; Panter-Brick, 1991; Reissland & Burghart, 1988) . In general, common patterns identi®ed include lack of feeding of colostrum to the infant, generally long duration of breast-feeding (2± 3 y), lack of preparation of specialized weaning foods (such as cereal paps), and relatively late introduction of solid foods (after six months of age).
This study describes feeding patterns during the ®rst two years of life using infant feeding histories of 156 children aged 1±6y, half of whom were diagnosed with xerophthalmia, the other half selected as age-village-younger sibling matched non-xerophthalmic controls in rural Nepal. Dietary histories are also examined for the next younger sibling (if any) in case and control households to determine whether inter-sibling feeding patterns are correlated. Using dietary histories in high-risk (for xerophthalmia) and low-risk households (non-xerophthalmic controls) we explore the relationship between infant diet and the presence of clinical vitamin A de®ciency in early childhood.
Methods

Study design
A case-control study was conducted in three village development committees (VDCs) totaling approximately 15 000 population in Sarlahi District, located in the central lowland region of Nepal. Children with clinical signs of xerophthalmia or a current history of night blindness were identi®ed during a community-based screening by senior ophthalmic assistants employing World Health Organization criteria (Sommer, 1982) . Eighty-six households were identi®ed as having at least one xerophthalmic (`focus') child between the ages of 1±6 y. All case children were treated with 200 000 IU of vitamin A on two consecutive days and referred to the local health post for follow-up. The pool of control households included those whose surveyed children exhibited no xerophthalmia and who reported no history of night blindness in any sibling or the child's mother. Controls were matched to case households based on geographic proximity, ages of case and potential controls (AE 3 months), and ages of the next younger siblings (AE 4 months), if present in the case household. Five cases either declined to participate or migrated from the region. The age distribution of the 81 case children were as follows: ages 1± 2 y (6 cases), ages 3±4 y (38 cases), ages 5±6 y (37 cases). An additional three case households were omitted due to migration of their control counterpart, resulting in a total of 78 case-control pairs included in the analysis.
Verbal informed consent was obtained from families prior to their participation. This study was approved by the Nepal Health Research Council, Kathmandu, Nepal and the Committee on Human Research, Johns Hopkins School of Hygiene and Public Health, Baltimore, MD.
Ethnographic data were collected for a period of four months on the following topics: identifying local foods given to infants and young children aged less than two years; determining key stages in the life of the infant as identi®ed by the mother; and identifying appropriate frequency of feeding units. These data were used to develop an infant diet history instrument which asked the caregiver to describe feeding of 21 key foods for ®ve different time periods: the ®rst three days of life, the remainder of the ®rst month of life, months 2 through 6, months 7 through 12 and the second year of life. During each time period, the caregiver was asked to report the frequency of feeding to the infant as (a) never, (b) infrequently (3 times per month or only to taste), (c) somewhat regularly (b3 times per month to 2 times per week), or (d) regularly (every day or every other day). Portion sizes were not obtained. Additional questions identi®ed primary decision-makers and sources of advice for the caregiver in feeding the infant colostrum and other non-breastmilk foods.
The infant diet history was obtained once for the study child and once for the next youngest sibling, if any, in all case and control households. This instrument was administered 12±18 months after the initial diagnosis of xerophthalmia from the February 1992 ocular survey. The infant diet history was performed by two trained Nepali female data collectors. In all households, the primary respondent was the mother of the child. During the interview, mothers were asked to sit together with the child whose dietary history was being ascertained to help improve recall and avoid confusion with other children.
Data analysis
Frequency of consumption of the 21 key foods examined in the infant diet history was calculated over the twoyear period of the infant diet history. Exploratory factor analysis was used to identify underlying patterns of infant feeding responsible for covariation in the data. This method has been applied to examine diets based on food frequency results in order to identify dietary patterns (Barker et al, 1990; Randell et al, 1990; Schwerin et al, 1982) .
Factor analysis calculates squared multiple correlations as prior communality estimates (Hatcher, 1994) . The principal factor method was used to extract the factors, followed by an oblique (promax) rotation (An oblique rotation is preferred when factors to be extracted are considered to be interrelated). Separate factor analyses were run for ages one month, 2±6 months, 7±12 months, 13±24 months and 1±24 months. A combination of scree test (a plot of the eigenvalues of the factors) and assessment of proportion of variance accounted by the factors were utilized to determine the number of factors to be retained for rotation. In interpreting the rotated factor pattern, a selected food was considered to load on a given factor if the factor loading was 0.30 or greater for that factor, and was less than 0.30 for all other factors. No food item was permitted to load at the 0.30 level in more than one factor. Factor scores for each dietary pattern identi®ed were computed for each infant by multiplying the factor weight of each food included in the pattern by the standardized values of the reported frequency of use, and summing over all foods in the factor. Factors were named based on our understanding of infant feeding in the setting and from the preliminary ethnographic data.
Many of the factors created include only two foods, representing a modi®cation of the standard approach to factor analysis. We feel an exception to the standard approach is justi®ed as mothers were presented with a relatively small number of distinct foods.
Matched-pair odds ratios (OR) and 95% con®dence intervals (CI) were calculated by conditional logistic regression to estimate the risk of not feeding or feeding less of a particular food item or according to a particular factor pattern of a case relative to a control. To improve the meaningfulness of the parameter estimates, all covariates were reduced to binary form. Food frequencies were dichotomized either at the median of the frequency distribution or according to the presence or absence of the food during the respective time interval. Factor covariates were dichotomized at the median of the sample distribution. Odds ratios were adjusted for socio-economic status (SES) which was a scaled variable assessing the number of different types of key material possessions owned. The ®nal scale included eight items (in currently usable condition): (a)¯ashlights (1), (b) watch (1), (c) cycle (1), (d) armoire (1), (e) beds (2), (f) rooms in the house (2), (g) a roof made with tile or cement, and (h) irrigation pumpset. The Cronbach's alpha (Cronbach, 1951) for this scale was 0.78, indicating acceptable scale reliability, with a mean score of 3. Those households having a scale score equal or greater to the mean (3.0) were classi®ed as having a higher SES (a value of 1 in regression equation), those below the mean were classi®ed as of lower status (value of 0). Table 1 presents a comparison of basic demographic indicators in study households. There were no signi®cant differences between the mothers of case and control children in terms of age, number of children born alive, paternal education and household size. There appears to be a trend for more child death in case than control households (P`0.10). Control child mothers tended to have greater amounts of education than case child mothers (P`0.10), although the average number of years was much less than one year for both groups. There were four households where the father of the focus child was not living, all of which are case households. More control households (27.0%) consisted of two or more families living together than case households (9.8%). There were no signi®cant differences between case and control households in terms of religion or caste.
Results
Background information
Sources of advice and decision-making regarding infant feeding Mothers reported themselves and their mothers-in-law as the decision-makers regarding infant feeding, but the responses varied by case status. Mothers of cases reported themselves as the primary decision-maker (39% vs 26%, P`0.10), while more control mothers relied on their mothers-in-law (35% vs 26%, P b 0.10). This distribution When asked to identify their main advisors in infant feeding, the most common responses were a neighbor (45%) or mother-in-law (32%). Mothers of cases were signi®cantly more likely to report that they learned about infant feeding from their mother (15% vs 5%, P`0.05) or were self-taught (8% vs 1%, P`0.05), although these numbers are small.
Patterns of early feeding
Breast-feeding was evident for almost all focus children and their younger siblings throughout the ®rst two years of life. Half of the study mothers reported giving their child colostrum, with no signi®cant differences between cases and controls. More than 40% of study mothers fed their children colostrum because they claimed that they``did not know not to feed it to the child,'' while less than 5% of mothers gave colostrum for its health bene®ts. Of the 50% of mothers who reported not feeding their infant colostrum, half said others had told them not to feed it to their infant (25%). Some believed that colostrum was dirty (13%) and others thought that it caused the baby to have diarrhea (6%). Mothers of cases were signi®cantly more likely than those of controls to report that they had avoided giving their child colostrum due to the fear it would cause vomiting (10% vs 1%). Although many mothers reported not feeding their infant colostrum, they also reported some breast-feeding of the child during the ®rst three days of life which may indicate that many mothers feed their infants colostrum when they think they do not.
A majority of mothers (b85%) reported introduction of foods after six months of age. Early supplemental foods include a variety of adult meal foods, such as rice, vegetables, or fruits, however, the frequency of consumption was low (3 times per month). Regular consumption of these foods were reported in the second year of life. Table 2 compares differences in feeding 21 different foods between case and control children in their ®rst two years of life. Preformed vitamin A sources consumed during infancy were strongly associated with reduction of risk for xerophthalmia in later preschool years. Consumption of any meat (usually with some liver) in the ®rst two years of life was associated with a 91% reduction in risk (OR 0.09, CI 0.01±0.70) of xerophthalmia. Consumption of ®sh (usually in small amounts) was associated with a 59% reduction in risk (OR 0.41, CI 0.17±0.99) for xerophthalmia. Of the various carotenoid sources considered, only mango intake was associated with signi®cant protection against subsequent xerophthalmia (OR 0.28, CI 0.13±0.61), whereas dark green leafy vegetables (DGLV) intake was not (OR 1.32, CI 0.65±2.66). Consumption of animal milk was also greater in control households (OR 0.56) although the con®dence intervals included unity. Foods low in vitamin A content were not associated with signi®cant differences in risk between case and control children.
Frequency of feeding of individual foods
Analyses comparing the infant feeding pattern of focus children with that of their younger siblings (age 24 months at time of interview) shows remarkable conformity in the pattern of feeding (Table 3) . As would be expected, the infant histories of younger siblings is highly correlated with that of their older counterparts in the same household. This ®nding is supported by correlations in sibling's frequency of consumption of speci®c, vitamin-A rich food items. Preformed vitamin A foods exhibited high correla- tions in reported two-year consumption frequencies between siblings. Carotenoid sources were somewhat less consistently correlated, perhaps re¯ecting the in¯uence of seasonal variability in their availability.
Results of factor analysis
The infant feeding patterns identi®ed in this study using factor analysis are presented in Table 4 . Factors were extracted separately for month 1, months 2±5, months 7± 12, months 13±24 and all 24 months. Case-control comparisons of these feeding patterns are summarized in Table 5 .
Month 1 feeding patterns
Only one factor was extracted for this time period. Most of the 21 foods were not included in the factor as they were never given to such young infants. Breastmilk does not appear in the factor because all children received it several times daily. The factor, labeled`other milks,' consists of other women's breastmilk, animal milk and honey. No differences were observed between case and control children in the frequency of feeding for this scale.
Months 2±6 feeding patterns
Two factors were extracted for months 2±6. The ®rst factor, labeled`side dishes' includes vegetable dishes and meat dishes. In the 2±6 month age period, side dishes are occasionally given to small children to taste. Of those children who reportedly received these foods at this age, all were fed rarely or just to taste. The second factor, labeled`snacks' includes sweet potatoes and honey. About a third of the infants reportedly received honey at least occasionally during this time period and a few received it once a week or so. No differences were observed between case and control children in the frequency of feeding for either of these scales.
Months 7±12 feeding patterns Four factors were extracted for months 7±12. The ®rst factor, labeled`regular meal items' includes unleavened wheat bread, vegetable dishes, dark green leafy vegetables, rice and dal (mixed together), sweet potatoes and meat dishes. Most of these foods were given rarely or to taste to infants in this age group. The exception was rice and dal: over 70% of infants received the staple meal regularly. The three other factors extracted include:`snacks' (broth and mango), usually given only rarely or to taste;`powdered supplements' (glucose water and powdered milk), and`sick foods' (malt drink and eggs). No signi®cant differences were observed between cases and control for any of these patterns.
Months 13±24 feeding patterns Three factors were extracted for months 13±24. The ®rst factor, labeled`infant foods', includes breastmilk, vegetable dishes and no powdered milk. In the second year, most infants (98.7%) are still being breast-fed regularly. The second factor,`animal¯esh' includes meat and ®sh (including liver). Over 90% of study children reportedly received these foods during the second year of lifeÐthe majority of them infrequently. The third factor, labeled`regular meal items' includes papaya, roti, animal milk, DGLVs and watery rice-dal mix. Signi®cant differences between cases and controls were observed for the`animal¯esh' intake which was associated with a 57% reduction in risk for xerophthalmia for this age group (OR 0.43, CI 0.20± 0.94).
Overall feeding patterns in ®rst two years When all infant feeding periods are combined (weighted for duration), four factors were extracted, including (1)`regular meal items' (DGLVs, vegetable dishes, papaya, watery rice dal mix, broth, unleavened wheat bread), (2)`breastmilk' (breastmilk, no powdered milk), (3)`animal¯esh' (meat and ®sh), and (4)`sick foods' (malt drink and traditional tonics). As in the 13±24 month age group, the only signi®cant infant feeding pattern differentiating between cases and controls is the`animal¯esh' pattern. More frequent feeding of these foods was associated with an odds ratio of 0.57 (CI 0.36±0.92).
Discussion and conclusions
Households where there is at least one xerophthalmic child have been shown to live in relatively greater poverty, with less land and fewer material possessions (Cohen, 1985; Khatry et al, 1995) . Within these households, more than one household member may be at risk, including the mother and other siblings (Katz et al, 1993) . Dietary behaviors (those low in vitamin A-rich food sources) during infancy may be a contributing factor to clinical de®ciency by early childhood. From these data it appears that feeding patterns during infancy, as early as seven months, are associated with children's risk of developing xerophthalmia later in the preschool years. This relationship is primarily related to the feeding of preformed vitamin A sources, namely meat and ®sh, both usually with liver. While these foods are given to infants in very small quantities, consumption of these foods may be indicative of a diet that is of better nutrient quality, enough to swing the balance away from clinical manifestations of VAD later in life. These results are evident despite the problems inherent to conducting a recall of feeding behaviors of two to ®ve years in the past.
Distinct patterns in the feeding of infants can be identi®ed in this population. These patterns may be generally divided into ®ve main clusters of foods: milks, regular meal items, sick foods, animal¯esh and snacks. The foods that make up these food groups vary by age of the infant. Very few of these patterns appear to differentiate between xerophthalmic children and their non-xerophthalmic peers. Further work needs to be done to ascertain the value of these categories of infant diet in terms of their effect on other health outcomes.
On the other hand, describing these food groupings appear to be helpful in identifying the different stages of the infant feeding process in this setting. In the ®rst six months of life, most children are primarily breast-fed, and there are very few other food clusters of importance. The two major groups that exist are limited to infrequent tasting of certain food items and side dishes. Feeding of regular meal items does not appear to be important until the 7±12 month age period. Here, the early`side dishes' factor broadens to include staples, DGLVs and potatoes, and the composition of snacks evolves as well. Two other important food groups appear to come into play: powdered supplements and foods given especially to sick children. Both of these food groups are noted by parents as remedies to children who experience greater morbidity due to the introduction of weaning foods.
There is relatively little variation in feeding during the ®rst year of life as nearly all children are breast-fed; mother's tend to report not feeding colostrum; 85% are reputed to have been exclusively breast-fed over months 2± 6 and 11.5% have only one additional food item. These ®ndings are in accordance with other ethnographic studies conducted with women in this part of Nepal. Reissland & Burghart (1988) found a universal discarding of colostrum by Maithili-speaking mothers living in Janakpur. While half of our mothers reportedly avoided giving their infant colostrum, the other half did not, indicating a difference between belief and stated behavior in this population.
Signi®cant variation in feeding patterns begins during the second year of life, when the child begins consuming small portions of the household meal. Based on a one-time remote recall of early infant diet, our ®ndings indicate that consumption of preformed vitamin A foods, particularly meat (with liver), is important in differentiating later risk of xerophthalmia. Although direct comparisons between past infant diet and present childhood diet (which were obtained using four 7 d food frequencies of the preschool aged child) (Shankar et al, 1996) are not possible due to differences in the data collection methods used, it appears that this dietary pattern continues to distinguish case from control children throughout early childhood.
Many studies have shown that current or recent diet of children with xerophthalmia is low in vitamin A-rich foods when compared to non-xerophthalmic, similar aged children. Our study indicates that, in this setting, dietary risk factors for xerophthalmia in young children extend back into the infant feeding period.
These ®ndings suggest that efforts to improve the dietary quality of young children should extend to infants in areas of high risk of VAD. In rural Nepal, early infant dietary intake of vitamin A-rich foods cannot be said to be directly responsible for later childhood xerophthalmia, but do appear to indicate greater risk for childhood diets that are de®cient in vitamin A. The evidence from our study and others strongly suggest that in households with at least one xerophthalmic preschool aged child, nutrition intervention programs should be inclusive of infants and other young (prexerophthalmic) children. Appropriate dietary strategies should target all infants and children in high-risk households.
